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The problem of a screw dislocation interacting with a core–shell nanowire (coated nanowire) containing
interface effects (interface stresses) is ﬁrst investigated. The interaction energy and the interaction force
are calculated. The interaction force and the equilibrium position of the dislocation are examined for var-
iable parameters (interface stress and material mismatch). The inﬂuence of the core–shell nanowire and
the interface stresses on the interaction between two screw dislocations is also considered. The results
show that the impact of the interface stresses on the motion and the equilibrium position of the disloca-
tion near the core–shell nanowire is very signiﬁcant when the radius of the nanowire is reduced to nano-
meter scale.
 2008 Elsevier Ltd. All rights reserved.1. Introduction
Nanocomposite solids represent a wide class of solid composite
materials consisting of at least one component with dimensions in
the nanometer range. These advanced materials have become
increasingly important both in fundamental and applied research
because of their unique mechanical, electronic and optical proper-
ties (Link and EI-Sayed, 2003; Vollath and Szabo, 2004). For exam-
ple, nanocomposite solids may have higher strength and hardness,
higher thermal stability and better electrical conductivity than
their conventional counterparts. Of special interest is the behavior
of nanocomposites with ensembles of quantum dots and nano-
wires (Meden and Schollwock, 2003; Hu et al., 2006; Petrov
et al., 2007), due to their importance for high technologies based
on nanostructures with complicated architecture as well as for
understanding the basic nature of nanoscale effects in composite
solids.
Dislocations are very important lattice defects. The mobility of
the dislocations plays a critical role in analyzing the physical and
mechanical behavior of manymaterials, and this mobility is depen-
dent on the internal forces actingon thedislocations. The interaction
of dislocations with inclusions embedded in thematrix is of consid-
erable importance in composites. This is mainly due to the fact that
internal forces acting on the dislocations can be signiﬁcantly inﬂu-
enced by the presence of all kinds of inclusions (e.g., Dundurs and
Mura, 1964; Smith, 1968; Hirth and Lothe, 1982; Stagni and Lizzio,
1983; Tsuchida et al., 1991; Luo and Chen, 1991; Stagni, 1993; Gong
and Meguid, 1994; Qaissaunee and Santare, 1995; Xiao and Chen,ll rights reserved.
: +86 731 8822330.
.2000; Xiao and Chen, 2001; Wang and Shen, 2002; Liu et al., 2003;
Liu et al., 2004; Ma and Lu, 2006; Honein et al., 2006; Wang and
Sudak, 2006; Shen, 2008, etc.). Additionally, the stability of both
structure and the properties of crystalline nanocomposites (such
as, nanotube–matrix, nanoparticle–matrix, nanowire–matrix and
nanoscale ﬁlm composites), which is crucial for applications of such
solids, is strongly inﬂuencebydislocations of different kinds (Gutkin
et al., 2003; Kolesnikova and Romanov, 2004; Ovid’ko and Sheiner-
man, 2006). Therefore, the systematic investigation of dislocations
interacting with embedded nanoscale inclusions (such as, nanopar-
ticles and nanowires) is necessary in nanocomposites.
For the interaction of dislocations with inclusions, the interface
boundary condition is one of the important factors that control the
stress ﬁelds and image forces on the dislocations. It is well known
that the surface/interface of inclusions is a special region of very
small thickness. Atoms at the surface/interface experience a differ-
ent local environment than atoms in the interior of an inclusion,
and the equilibrium position and energy of those atoms will,
in general, be different from those of the atoms in the interior.
Since the equilibrium lattice spacing in the surface/interface is dif-
ferent from that in the bulk, surface/interface stress appears. For a
nanoscale inclusion (such as, nanotubes, nanoparticles and nano-
wires), with a large ratio of the surface/interface region to the
inclusion, the surface/interface plays a very important role and
there is thus a need to consider the contribution of the surface/
interface stress (Miller and Shenoy, 2000). A classical continuum
model for elastic solids incorporating surface/ interface stress
was ﬁrst formulated by Gurtin and Murdoch (1975). In their work,
a surface/interface region is approximated as a vanishing thickness
adhering to the bulk solid without slipping. The material constants
of the surface/interface are different from the bulk materials. The
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same as those in the classical elasticity, but the presence of sur-
face/interface stress gives rise to nonclassical boundary conditions.
This model (namely, surface/interface stress model) has been
adopted by some authors in studying nanoscale structures, thin
ﬁlms, nanocomposites and quantum dots (Cammarata et al.,
2000; Sharma et al., 2003; He et al., 2004; Sharma and Ganti,
2004; Duan et al., 2005; Lim et al., 2006; Chen et al., 2007; Tian
and Rajapakse, 2007; Wang, 2007).
In recent years, nanocomposites containing coated nanowires
embedded into a matrix have drawn signiﬁcant interest due to
the rapid development of nanotechnology (Brands et al., 2005).
Among the nanostructured materials, nanochannel-array materials
have been extensively used in nanotechnology. They cannot only
be used as ﬁlters and catalysts, but also as templates for nano-sized
structures, such as magnetic, electronic, and optoelectronic devices
(Martin and Siwy, 2004). These nanostructured materials can be
strengthened by the surface coating (Duan et al., 2006). Therefore,
the study on the interaction between dislocations and coated
nanowires or nanoholes with surface coatings is important and
signiﬁcant.
In the current paper, the problem of screw dislocations interact-
ing with a nano-sized coated cylindrical inhomogeneity (core–shell
nanowire) in an unbounded matrix is solved. The surface/interface
stress model presented by Gurtin andMurdoch (1975) is utilized to
account for the inﬂuence of the interface stresses on the interac-
tion. The explicit complete expressions of interaction energy and
the interaction force acting on the dislocation are derived. In par-
ticular, the interaction force and the equilibrium positions of the
screw dislocation are discussed in detail.
2. Model and solutions
An inﬁnite medium contains a circular nanowire and an annular
nanoscale coating layer, where R1 and R2 are the inner and outer
radii of the coating annulus. A screw dislocation, which is assumed
to be straight and inﬁnite along the direction perpendicular to the
xy-plane and suffers a ﬁnite discontinuity in the displacement
across the slip plane, is located at arbitrary points in the matrix
phase as shown in Fig. 1. The nanowire is straight and inﬁnitely ex-
tended in a direction perpendicular to the xy-plane. The interface
stresses are considered at the inner interface (C) and outer inter-
face (X) of the coating layer.
Following Gurtin and Murdoch (1975), the interface region can
be regarded as a layer of vanishing thickness adhering to the solid
without slipping. The elastic ﬁeld within the bulk solid is describedy
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Fig. 1. Schematic diagram of a dislocation interacting with a coated nanowire.by the differential equations of classical elasticity, while the inter-
face has its own elastic constants and is characterized by an addi-
tional constitutive law. Force balance of the interface leads to a
coupled system of boundary conditions for the abutting bulk solid.
Under the assumption that the interface region adheres to the bulk
solid without slipping and the body forces are vanishes, the equi-
librium and constitutive equations for antiplane problem have
been given in Sharma et al. (2003) and Duan et al. (2005).
In the bulk:
@2w
@x2
þ @
2w
@y2
¼ 0 ð1Þ
srz ¼ 2lerz; shz ¼ 2lehz ð2Þ
In the interface:
s0hz ¼ 2ðl0  s0Þe0hz ð3Þ
½srzðtÞ ¼ 1R
@s0hzðtÞ
@h
ð4Þ
wherew refers antiplane displacement, srz and shz are stress compo-
nents in polar coordinates r and h, erz and ehz are strain components,
the superscript ‘‘0” denotes the interface region, l is shear modulus
of the bulk material, l0 is the interfacial elastic constant, s0 is resid-
ual interface tension, and t = Reih denotes the points on the circular
arc interface. In addition, [srz(t)] represents the discontinuity of the
stress across the interface. For a coherent interface, the interfacial
strain e0hz is equal to the associated tangential strain in the abutting
bulk materials ðe0hzðtÞ ¼ ehzðtÞÞ. With semi-coherent or incoherent
interfaces, an additional measure of the interfacial strain is required
(Cammarata et al., 2000). In the following, we will study the case for
a coherent interface.
Considering the relation of e0hzðtÞ ¼ ehzðtÞ, from Eqs. (2)–(4), we
obtain
½srzðtÞ ¼ ðl
0  s0Þ
Rl
@shzðtÞ
@h
ð5Þ
According to the derivation of the Eqs. (1)–(5), for the current
problem, the boundary conditions on the interfaces can be summa-
rized as (Sharma et al., 2003)
w1ðtÞ w2ðtÞ ¼ 0 srz1ðtÞ  srz2ðtÞ ¼ ðl
C  sCÞ
R1l2
@shz2ðtÞ
@h
jtj ¼ R1
ð6Þ
w2ðtÞ w3ðtÞ ¼ 0 srz2ðtÞ  srz3ðtÞ ¼ ðl
X  sXÞ
R2l2
@shz2ðtÞ
@h
jtj ¼ R2
ð7Þ
where the superscript C and X denotes the interfaces and the sub-
scripts 1, 2 and 3 refer to the nanowire, the nanoscale coating layer
and the matrix regions, respectively.
Referring to the work of Muskhelishvili (1975), in the bulk solid,
the antiplane displacement w, shear stresses srz and shz can be
written in terms of an analytical function f(z) of the complex vari-
able z = x + iy as follows
w ¼ ½f ðzÞ þ f ðzÞ=2 srz  ishz ¼ lf 0ðzÞeih ð8Þ
where l is shear modulus of the material, the overbar represents
the complex conjugate and the prime denotes the derivative with
respect to the argument z.
The task now is to determine the analytical functions f1(z), f2(z)
and f3(z) in the nanowire, the nanoscale coating layer and the ma-
trix regions, respectively, under the boundary conditions.
Consider the case of a single screw dislocation with Burgers vec-
tor b1 located at the point z1(z1 = x1 + iy1) in the matrix. The analyt-
ical function in the matrix region can be taken in the form:
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where the function vector f30(z) is holomorphic in the region jzj > R2.
Neglecting the constant terms denoting the rigid body displace-
ment, the analytical function f2(z) can be expanded as a Laurent
series in the annular region
f2ðzÞ ¼
X1
k¼0
ckzðkþ1Þ þ
X1
k¼0
dkzkþ1 R1 < jzj < R2 ð10Þ
For the convenience of analysis, the following new analytical
functions are introduced in the corresponding regions according
to the Schwarz symmetry principle.
F3ðzÞ ¼ zf 03ðzÞ ¼
b1
2pi
z
z z0 þ F30ðzÞ jzj > R2 ð11Þ
F3 ðzÞ ¼ F3ðR22=zÞ ¼
b1
2pi
z
z z1
 1
 
þ F30ðzÞ jzj < R2 ð12Þ
F2ðzÞ ¼ zf 02ðzÞ ¼ GNðzÞ þ GPðzÞ R1 < jzj < R2 ð13Þ
F2 ðzÞ ¼ F2ðR21=zÞ ¼ GNðR21=zÞ þ GPðR21=zÞ R21=R2 < jzj < R1 ð14Þ
F2 ðzÞ ¼ F2ðR22=zÞ ¼ GNðR22=zÞ þ GPðR22=zÞ R2 < jzj < R22=R1 ð15Þ
where z1 ¼ R22=z1; GNðzÞ ¼ 
P1
k¼0ðkþ 1Þckzðkþ1Þ and GPðzÞ ¼
P1
k¼0
ðkþ 1Þdkzðkþ1Þ.
Obviously, the complex potential F1ðzÞ ¼ zf 01ðzÞ is holomorphic
in the region jzj < R1. According to the Schwarz symmetry principle,
we have
F1 ðzÞ ¼ F1ðR21=zÞ jzj > R1 ð16Þ
where F1 ðzÞ is holomorphic in the region jzj > R1.
With the aid of Eqs. (11)–(16) and using the ﬁrst equations of
Eqs. (6) and (7), the displacement boundary conditions can be writ-
ten as
½F1ðtÞ þ F2 ðtÞ þ F3 ðtÞN ¼ ½F2ðtÞ þ F1 ðtÞ þ F3 ðtÞC jtj ¼ R1 ð17Þ
½F2ðtÞ þ F3 ðtÞ þ F1 ðtÞC ¼ ½F3ðtÞ þ F2 ðtÞ þ F1 ðtÞM jtj ¼ R2 ð18Þ
where the superscript N, C and M refer to the boundary values of
the physical quantity when z approaches the interface from the
regions occupied by the nanowire, the coating layer and the matrix,
respectively. Eqs. (17) and (18) imply that ½F1ðzÞ þ F2 ðzÞ þ F3 ðzÞ;
½F2ðzÞ þ F1 ðzÞ þ F3 ðzÞ and ½F3ðzÞ þ F2 ðzÞ þ F1 ðzÞ are the mutual
direct analytical continuation in the region R21=R2 < jzj < R22=R1 ex-
cept for some singular points, and they can be expressed by a con-
tinuous analytic complex potential Fw(z).
FwðzÞ ¼
F1ðzÞ þ F3 ðzÞ jzj < R21=R2
F1ðzÞ þ F2 ðzÞ þ F3 ðzÞ R21=R2 < jzj < R1
F2ðzÞ þ F1 ðzÞ þ F3 ðzÞ R1 < jzj < R2
F3ðzÞ þ F2 ðzÞ þ F1 ðzÞ R2 < jzj < R22=R1
F3ðzÞ þ F1 ðzÞ jzj > R22=R1
8>>>><
>>>>>:
ð19Þ
With the help of Eqs. (11)–(16) and from the analysis of singu-
larity of Fw(z) (Liu et al., 2004), we obtain
FþwðtÞ  FwðtÞ ¼
GPðR21=tÞ þ GNðR21=tÞ þ b12pi ttz1  1
 
jtj ¼ R21=R2
GPðR21=tÞ þ GNðR22=tÞ þ b12pi ttz1 jtj ¼ R
2
2=R1
8<
:
ð20Þ
where Fw(z) is a sectional holomorphic function on the z-plane,
GPðR21=tÞ ¼
P1
k¼0ðkþ 1ÞdkðR21=tÞðkþ1Þ and GNðR21=tÞ ¼ 
P1
k¼0ðkþ 1Þ
ckðt=R21Þðkþ1Þ.Following the work of Muskhelishvili (1975), the solutions of
Eq. (20) can be derived explicitly as
F1ðzÞ þ F30ðzÞ ¼ GNðR21=zÞ þ GNðR22=zÞ þ
b1
2pi
z
z z1 jzj < R
2
1=R2
ð21Þ
F2ðzÞ þ F1 ðzÞ þ F3 ðzÞ ¼ GPðR21=zÞ þ GNðR22=zÞ
þ b1
2pi
z
z z1 þ
z
z z1
 1
 
R21=R2
< jzj < R22=R1 ð22Þ
F30ðzÞ þ F1 ðzÞ ¼ GPðR21=zÞ  GPðR22=zÞ
þ b1
2pi
z
z z1
 1
 
jzj > R22=R1 ð23Þ
The stress boundary conditions in the second equations of Eqs.
(6) and (7) at the interfaces can be expressed as
l1F1ðtÞ  l2F2 ðtÞ  l3F3 ðtÞ 
F 02 ðtÞtðlC  sCÞ
R1
 N
¼ l2F2ðtÞ  l1F1 ðtÞ  l3F3 ðtÞ 
F 02ðtÞtðlC  sCÞ
R1
 C
jtj ¼ R1
ð24Þ
l2F2ðtÞ  l3F3 ðtÞ  l1F1 ðtÞ þ
F 02ðtÞtðlX  sXÞ
R2
 C
¼ l3F3ðtÞ  l2F2 ðtÞ  l1F1 ðtÞ 
F 02 ðtÞtðlX  sXÞ
R2
 M
jtj ¼ R2
ð25Þ
Similarly, we can deﬁne sectional holomorphic function Fs(z) in
entire plane as follows
FsðzÞ ¼
l1F1ðzÞ l3F3 ðzÞ jzj< R21=R2
l1F1ðzÞ l2F2 ðzÞ l3F3 ðzÞ  F 02 ðtÞzðlC  sCÞ=R1 R21=R2 < jzj< R1
l2F2ðzÞ l1F1 ðzÞ l3F3 ðzÞ  F 02ðzÞzðlC  sCÞ=R1 R1 < jzj< R2
l3F3ðzÞ l2F2 ðzÞ l1F1 ðzÞ þ F 02 ðzÞzðlX  sXÞ=R2 R2 < jzj< R22=R1
l3F3ðzÞ l1F1 ðzÞ jzj> R22=R1
8>>>>><
>>>>>>:
ð26Þ
Considering Eqs. (11)–(16) and (26), and by means of the similar
analysis in Liu et al. (2003), we have
Fþs ðtÞFs ðtÞ¼
l2F2 ðtÞF 02 ðtÞtðlCsCÞ=R1 jtj ¼R21=R2
F 02ðtÞt½ðlCsCÞ=R1þðlXsXÞ=R2 jtj ¼R2
l2F2 ðtÞF 02 ðtÞtðlXsXÞ=R2 jtj ¼R22=R1
8><
>:
ð27Þ
where Fs(z) is a sectional holomorphic function on the z-plane.
By solving Eq. (27), the complex potentials Fs(z) in different re-
gions can be obtained
l1F1ðzÞ  l3F30ðzÞ ¼
l3b1
2pi
z
z z1 þ ½l2 þ ð1þ kÞ
 ðlC  sCÞ=R1GNðR21=zÞ þ ½ð1þ kÞ
 ðlX  sXÞ=R2  l2GNðR22=zÞ
 ½ðlC  sCÞ=R1 þ ðlX  sXÞ=R2
 ð1þ kÞGPðzÞ jzj < R21=R2 ð28Þ
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¼ l3b1
2pi
z
z z1 
z1
z z1
 
þ ½ð1þ kÞðlC  sCÞ=R1
 l2GPðR21=zÞ þ ½ð1þ kÞðlX  sXÞ=R2  l2GNðR22=zÞ
 ½ðlC  sCÞ=R1 þ ðlX  sXÞ=R2ð1þ kÞGPðzÞ R21=R2jzjR2
ð29ÞP3 ¼ ½ðl1 þ l3Þðl2  l1Þ  ðl1  l3Þð1þ kÞðl
C  sCÞ=R1  2l1ð1þ kÞðlX  sXÞ=R2½l2  l1  ð1þ kÞðlC  sCÞ=R1
½l2 þ l1 þ ð1þ kÞðlC  sCÞ=R1ðR2=R1Þ2ðkþ1Þl3F30ðzÞ  l1F1 ðzÞ ¼ 
l3b1
2pi
z1
z z1
þ ½ð1þ kÞðlC  sCÞ=R1
 l2GPðR21=zÞ þ ½l2  ð1þ kÞ
 ðlX  sXÞ=R2GPðR22=zÞ  ½ðlC  sCÞ=R1
þ ðlX  sXÞ=R2ð1þ kÞGNðzÞ jzjR22=R1
ð30Þ
From Eqs. (21) and (28), it is seen that
F1ðzÞ ¼ l2  l3l1 þ l3
þ ð1þ kÞðl
C  sCÞ=R1
l1 þ l3
 
GNðR21=zÞ
þ l3  l2
l1 þ l3
þ ð1þ kÞðl
X  sXÞ=R2
l1 þ l3
 
GNðR22=zÞ
þ l3b1ðl1 þ l3Þpi
z
z z1
 ðl
C  sCÞ=R1 þ ðlX  sXÞ=R2
l1 þ l3
 
ð1þ kÞGPðzÞ ð31Þ
It is found from Eqs. (23) and (30) that
F3ðzÞ ¼ l1  l2l1 þ l3
þ ð1þ kÞðl
C  sCÞ=R1
l1 þ l3
 
GPðR21=zÞ
þ l2  l1
l1 þ l3
þ ð1þ kÞðl
X  sXÞ=R2
l1 þ l3
 
GPðR22=zÞ
þ b1
2pi
z
z z1 þ
l1  l3
l1 þ l3
z1
z z1
 
 ðl
C  sCÞ=R1 þ ðlX  sXÞ=R2
l1 þ l3
 
ð1þ kÞGNðzÞ ð32Þ
Eqs. (31) and (32) show that complex potentials F1(z) and F3(z)
are related to the complex potential F2(z) = GN(z) + GP(z). The
remaining task is to determine the complex potential F2(z). From
Eqs. (22) and (29), the following equation can be derived
ðl1 þ l2ÞF2ðzÞ þ ðl1  l3ÞF3 ðzÞ  F 02ðzÞzðlC  sCÞ=R1
¼ ðl1 þ l3Þb1
2pi
z
z z1 þ ½ð1þ kÞðl
C  sCÞ=R1
þ l1  l2GPðR21=zÞ þ
ðl1  l3Þb1
2pi
z1
z z1
þ ½ð1þ kÞðlX  sXÞ=R2 þ l1  l2GNðR22=zÞ
 ½ðlC  sCÞ=R1 þ ðlX  sXÞ=R2ð1þ kÞGPðzÞ ð33Þ
Neglecting the constant terms representing the rigid displace-
ment, substituting Eqs. (13) and (32) into Eq. (33) and comparing
the coefﬁcients of the same power terms, we obtaindk ¼  b12pi
1
1þ k
1
zð1þkÞ1
4l1l3
P1 þP2 P3 ð34Þ
ck ¼ l2  l1  ð1þ kÞðl
C  sCÞ=R1
l2 þ l1 þ ð1þ kÞðlC  sCÞ=R1
R2ð1þkÞ1 dk ð35Þ
where P1 = 2l1[l2 + l3 + (1 + k)(lX  sX)/R2], P2 = (l1  l3)[l1 
l2 + (1 + k)(lC  sC)/R1](R1/R2)2(k+1)The explicit expressions of the analytical functions F1(z), F2(z)
and F3(z) can be obtained from Eqs. (13), (31) and (32) togetherwith
Eqs. (34) and (35). Finally, considering the relations of Fj(z) and
fj(z) (j = 1,2,3) in Eqs. (11)–(16), the complete solutions of stress
and displacement ﬁelds for the problem of the interaction between
a screw dislocation and a coated nanowire can be obtained.
wj ¼ Re½fjðzÞ ðj ¼ 1;2;3Þ ð36Þ
sxzj  isyzj ¼ ljf 0j ðzÞ ðj ¼ 1;2;3Þ ð37Þ
where the subscripts j = 1, 2 and 3 refer to the nanowire, the coating
layer and the matrix regions, respectively. For example, the stress
ﬁelds in the matrix region can be easily derived
sxz3 isyz3 ¼l3b12pi
1
zz1þ
l1l3
l1þl3
z1
ðzz1Þz
 
þ l3l1þl3
½ðlCsCÞ=R1þðlXsXÞ=R2
X1
k¼0
ðkþ1Þ2ckzðkþ2Þ
þ l3
l1þl3
X1
k¼0
ðkþ1Þ½l1l2þð1þkÞðlCsCÞ=R1dkR2ð1þkÞ1 zð2þkÞ
þ l3l1þl3
X1
k¼0
ðkþ1Þ½l2l1þð1þkÞðlXsXÞ=R2dkR2ð1þkÞ2 zð2þkÞ
ð38Þ
Eqs. (36) and (37) are the explicit expressions of Green’s func-
tions for the current model subjected to a single screw dislocation
located in the matrix. The solutions for two or more parallel screw
dislocations in the matrix can be easily constructed by the super-
position of Green’s functions (Ma and Lu, 2006).
It is worth noting that, if we take l1 = 0, the new solutions are
obtained for the interaction between screw dislocations and an
embedded nanohole with surface coating in nanocomposites.
Among the nanostructured materials, Nanochannel-array materi-
als have been extensively used in nanotechnology. They can not
only be used as ﬁlters and catalysts, but also as templates for
nano-sized structures, such as magnetic, electronic, and optoelec-
tronic devices. These nanostructured materials can be strength-
ened by the surface coating. Therefore, the interaction between
dislocations and nanoholes with surface coatings is important
and signiﬁcant.
At last, when the interface stresses vanish (lC = sC = lX =
sX = 0), the solutions of complex potentials fj(z) are in agreement
with the results in Xiao and Chen (2000).3. Interaction energy and interaction force acting on dislocation
The strain energy due to the presence of a dislocation is equal to
the work required to introduce the dislocation into the material.
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Fig. 2. Normalized force f0 as a function of q for k = 0.9 and R1 = 15 nm.
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Fig. 3. Normalized force f0 as a function of q for a = 1.3, b = 0.8, k = 0.9 and
R1 = 15 nm.
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and the total force acting on the dislocation line can be evaluated
from stress ﬁelds. The interaction energy can be obtained from
the strain energy by excluding the self-energy of the screw disloca-
tion in the homogeneous material. For a screw dislocation with
Burgers vector b1 inside the matrix, it can be formally written as
(Gong and Meguid, 1994)
W ¼ l3b1
2
Im½Df3ðzÞ ð39Þ
where ‘‘Im” stands for the imaginary part of a complex quantity,
‘‘D”represents the part of the complex potential after the disloca-
tion singularity has been removed and f3(z) is given by Eqs. (11)
and (32). The interaction energy for a screw dislocation in the point
z1 = r1eih can be found
W ¼ l3b
2
1
4p
l1  l2
l1 þ l3
ln
r21
r21  R22
þ b
2
1l3
ðl1 þ l3Þp
X1
k¼0
1
kþ 1 ½l1  l2 þ ð1þ kÞðl
C  sCÞ=R1
(
 R
2ð1þkÞ
1
r2ð1þkÞ1
l1l3
P1 þP2 P3 þ
X1
k¼0
1
kþ 1 ½l2  l1 þ ð1þ kÞðl
X  sXÞ=R2
 R
2ð1þkÞ
2
r2ð1þkÞ1
l1l3
P1 þP2 P3 þ
X1
k¼0
l2  l1  ð1þ kÞðlC  sCÞ=R1
l2 þ l1 þ ð1þ kÞðlC  sCÞ=R1
 ½ðlC  sCÞ=R1 þ ðlX  sXÞ=R2R
2ð1þkÞ
1
r2ð1þkÞ1
l1l3
P1 þP2 P3
)
ð40Þ
The force acting on the screw dislocation is deﬁned as the neg-
ative gradient of the interaction energy with respect to the position
of the dislocation. The force fr in polar coordinates is derived
fr ¼  @W
@r1
¼ l3b
2
1
2p
l1  l2
l1 þ l3
R22
r1ðr21  R22Þ
þ 2b
2
1l3
ðl1 þ l3Þp
X1
k¼0
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R2ð1þkÞ1
r2kþ31
l1l3
P1 þP2 P3
(
þ
X1
k¼0
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þ
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ð41Þ
Here, if l1 = 0, the new solution is obtained for the problem of
the interaction between a screw dislocation and a nanohole with
surface coating in nanocomposites.
fr ¼ l3b
2
1
2p
l2
l3
R22
r1ðr21  R22Þ
þ b
2
1l3
ðl1 þ l3Þp
X1
k¼0
½l2 þ ð1þ kÞðlC  sCÞ=R1P4
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(
þ
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ð42Þ
where P4 = l3[l2 + (1 + k)(lC sC)/R1]/{[l2 + l3 + (1 + k)(lX sX)/
R2] [l2 + (1 + k)(lC sC)/R1] + [l2 l3 (1 + k)(lX sX)/R2][l2 +
(1 + k)(lC sC)/R1]}4. Results and discussion
In this section, several examples are given to discuss the force
acting on the dislocation and the equilibrium position of the dislo-
cation near the coated nanowire through Eq. (41). In subsequent
numerical calculation we suppose that the residual interface ten-
sion vanishes (sC = sX = 0). In addition, we deﬁne the relative shear
modulus a = l1/l3 and b = l2/l3, the relative coating thickness
k = R1/R2 and the intrinsic lengths e = lC/l3 and c = lX/l3. Accord-
ing to results in Miller and Shenoy (2000), the absolute values of
the intrinsic lengths e = lC/l3 and c = lX/l3 are nearly 0.1 nm.
Here, we utilize Eq. (41) to illustrate the inﬂuence of various
parameters upon the force exerted on the dislocation when a single
screw dislocation is located in the matrix. Without loss of general-
ity, we suppose that the screw dislocation lies at the point x1 on the
x-axis (z1 = x1 = r1 > R2 is a real number). The normalized force is
deﬁned as f0 ¼ 2pR2fr=ðl3b21Þ. In addition, we introduce the relative
location of the dislocation q = r1/R2 = x1/R2.
In Figs. 2–4, we illustrate the variation of the values of fx0 with
respect to the parameter q for the selected material constants and
the intrinsic length (k = 0.9 and R1 = 15 nm). It is observed from
Fig. 2 that, if the interface stress vanishes, the screw dislocation
will be attracted to the nanowire when the nanowire and the coat-
ing layer are all softer than the matrix. However, if the interface
stress is a positive value, the screw dislocation is ﬁrst attracted
then repelled by the coated nanowire leading to a stable equilib-
rium position. On the other hand, if the interface stress is a nega-
tive value, the attractive force acting on the dislocation will be
larger than that of the case without interface stress. In addition,
when the nanowire and the coating layer are all stiffer than the
1.0 1.2 1.4 1.6 1.8 2.0
-0.2
-0.1
0.0
0.1
0.2
ε=γ=0
ε=γ=0.1nm
ε=−γ=−0.1nm
ε=γ=−0.1nm
ε=−γ=0.1nm
f0
ρ
Fig. 4. Normalized force f0 as a function of q for a = 0.8, b = 1.2, k = 0.9 and
R1 = 15 nm.
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ﬁrst repelled then attracted by the coated nanowire leading to an
unstable equilibrium point near the nanowire. Fig. 3 shows that
when the nanowire is stiffer than the matrix and the coating layer
is softer that the matrix, there is an unstable equilibrium point in
the matrix if the interface stress vanishes (e = 0 and c = 0), and
there are two equilibrium points as the dislocation near the nano-
wire if e = 0.1 nm and c = 0.1 nm. The point which is closer to
nanowire is stable and another point is unstable. Fig. 4 indicates
that, when the nanowire is softer than the matrix and the coating
layer is stiffer than the matrix, a stable equilibrium point is avail-
able if the interface stress vanishes, and two equilibrium points are
available in the matrix as the dislocation near the nanowire if
e = 0.1 nm and c = 0.1 nm. The point which is closer to the nano-
wire is unstable and another point is stable. Comparing with the
classical solution (without interface stress), we can observe that
more equilibrium positions of the dislocation may be available
when the dislocation is closer to the coated nanowire with inter-
face effect. On the other hand, the image force exerted on the dis-
location may be larger than the classical case which is dependent
on the value of the interface stress.
The variation of the normalized image force fx0 versus the radius
R1 is depicted in Fig. 5 with the selected intrinsic length for a = 0.8,
b = 1.2, k = 0.9 and q = 1.05. It can be seen that the positive value of
e or c causes the interface to repel the screw dislocation while the
negative value of e or c causes the interface to attract the disloca-
tion and this is a physical phenomenon unpredicted by the classi-
cal elasticity without considering the effect of interface stress. This
indicates that the local hardening and softening at the interfaces
may exist due to the interface stress effects. In addition, the0 40 80 120 160 200
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Fig. 5. Normalized force f0 as a function of R1 for a = 0.8, b = 1.2, k = 0.9 and q = 1.05.normalized image force increases with the decrease of the coated
nanowire radius at the ﬁxed ratios k and q, and the size depen-
dence becomes signiﬁcant when the radius of the coated nanowire
is very small. An interesting result is that, when the radius of the
nanowire reduces to about 15 nm, the direction of the image force
will be changed if c = 0.1 nm. And the point where the dislocation
is located is an equilibrium position of the dislocation. The phe-
nomenon cannot be produced in the classical case. It is also found
that impact of the intrinsic length c on the image force is more
important than that of the intrinsic length e. The effect of the rel-
ative thickness of coating layer on image force is shown in Figs. 6
and 7. It can be seen from Fig. 6 that the inﬂuence of the interface
stresses on the image force increases with the decrease of the rel-
ative thickness of the coating layer. The additional force acting on
the dislocation due to the interface stress will increase with the de-
crease of the thickness of the coating layer if e and c take the same
sign, and the additional force will decrease if interface stresses e
and c take the opposite sign. A special result is that the original
equilibrium point of the dislocation may disappear in considering
the effect of interface stress. Fig. 7 indicates the equilibrium posi-
tion of the dislocation varies with the thickness of the coating
layer. As the relative thickness of the coating layer increases, the
effect of the nanowire on the equilibrium position of the disloca-
tion may be shielded by the coating layer. In other words, when
the coating layer becomes thicker, the less impact the nanowire
has on the dislocation. If thickness of the coating layer is large,
the equilibrium position will disappear.
In addition, the image forces acting on the dislocations for the
problem of multiple parallel screw dislocations in the matrix phase
can be derived by the superposition method. Consider the case that
two parallel screw dislocations with Burgers vectors b1 and b2 areFig. 6. Normalized force f0 as a function of k for a = 0.8, b = 1.2, R1 = 15 nm and
q = 1.05.
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Fig. 7. Normalized forcef0 as a function of q for a = 0.8, b = 1.2, R1 = 15 nm and
c = e = 0.1 nm.
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the dislocation z1 is the summation of Eq. (41) and the force pro-
duced by the dislocation z2. Here, the effect of the core–shell nano-
wire and its interface properties (interface stresses) on the
interaction between two screw dislocations is discussed. Consider
the case that the nanowire and the interphase layer are all stiffer
than the matrix and two parallel screw dislocations with Burgers
vectors b1 and b2 are located in points z1 (z1 = x1) and z2
(z2 = x2 > R2) on the positivex-axis, respectively. In this case, fy = 0
and the component of the normalized force along the x-axis direc-
tion is deﬁned as f0 = 2pR2fx/(l3b1b2) (the force acting on the dislo-
cation z1).
The relative location of the dislocation z2 relative to the inclu-
sion is deﬁned as d = x2/R2. The normalized force f0 (dislocation
z1) with different interface properties as a function of q = x1/R2 is
depicted in Fig. 8 for d = 3 (a = 2, b = 1.5, k = 0.9 and b2 = b1). It
can be seen that, if the coated nanowire vanishes, the force acting
on the screw dislocation z1 produced by the dislocation z2 is always
negative in this system. The screw dislocation z2 always repels the
screw dislocation z1. If the nanowire is introduced, the force is neg-
ative ﬁrst, and then becomes positive when the screw dislocation
z1 approaches the interface of the nanowire along the x-axis. And
a stable equilibrium position of the screw dislocation z1 near the
nanowire is available on the x-axis. If the interface stress is consid-
ered, the magnitude of the force may be modiﬁed and the effect of
the negative interface properties is more pronounced than the po-
sitive interface properties, but the interacting mechanism of two
dislocations with the nanowire is unaltered for this case.
Fig. 9 illustrates the normalized force f0 (dislocation z1) versus
q = x1/R2 with different values of the radius R1 for d = 3 and1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4
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Fig. 8. Normalized force f0 as a function of q for d = 3, a = 2, b = 1.5, k = 0.9 and
b2 = b1.
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Fig. 9. Normalized force f0 as a function of q for d = 3, a = 2, b = 1.5, k = 0.9
e = c = 0.1 nm and b2 = b1.e = c = 0.1 nm (a = 2, b = 1.5, k = 0.9 and b2 = b1). It is observed
from Fig. 9 that the effect of interface properties on the force be-
comes signiﬁcant with the decrease of the radius of the nanowire.
An interesting result is that, if the nanowire is very small and the
interface properties are negative (such as, R1 = 5 nm and
e = c = 0.1 nm), the screw dislocation z1 will be attracted by the
stiff coated nanowire when it moves to interface of the inhomoge-
neity. The reason of this phenomenon may be that the force along
the negative x-axis produced by the interface stress will increase
with the decrease of the radius of the coated nanowire and the to-
tal force along the negative x-axis produced by the interface stress
and the screw dislocation z2 will be larger than the force along the
positive x-axis produced by the stiff coated nanowire leading to the
change of the direction of the force acting the dislocation. There are
two equilibrium points of the dislocation z1 in the middle region
between the interface of the nanowire and the screw dislocation
z2 on the x-axis. The point which is closer to the dislocation z2 is
stable and another point is unstable.5. Conclusions
The elastic interaction between screw dislocations and an
embedded coated nanowire with interface stresses is studied.
The boundary conditions at the inner and outer interfaces of nano-
scale coating layer are modiﬁed by incorporating surface/interface
stresses. The interaction energy and the interaction force are de-
rived by means of the complex variable method. The equilibrium
positions of the screw dislocations are presented by numerical cal-
culations and are discussed in detail. It is found that, for consider-
ing the effect of the interface stresses at both the inner and outer
interfaces of nanoscale coated layer, more or less equilibrium
positions of the dislocation may be available when an appointed
screw dislocation approaches the nanowire, which is dependent
on the values of the interface stresses. The motion of the screw
dislocation near the nanowire may be easier or harder than the
classical case (without interface stresses). And the normalized
force exerted on the dislocation increases with the decrease of
the nanowire radius at the ﬁxed ratios k and q, and the size
dependence becomes signiﬁcant when the radius of the nanowire
is very small. The inﬂuence of the interface stresses on the force
exerted on the dislocation increases with the decrease of the
thickness of the coating layer. In addition, the elastic interaction
between two screw dislocations may be strongly affected by the
nearby nano-sized coated inhomogeneity and its interface effects
(interface stresses).Acknowledgements
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